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Alkylcyclopentanes

By Walter H. Johnson, Edward J. Prosen, and Frederick D. Rossini

The heats of isomerization of the six C;H;, alkyleyclopentanes were determined by
measurement of the ratios of the heats of combustion of purified samples of these compounds
in the liquid state by the procedure previously described for other isomeric hydrocarbons.
The data yield the following values for the heat of isomerization, AH°, in the liquid state
at 25° C, of ethyleyclopentane into each of the dimethyleyclopentanes, in kilocalories per
mole: Ethyleyclopentane, 0.00; 1,1-dimethyleyclopentane, —2.064-0.12; c¢is-1,2-dimethyl-
cyclopentane, —0.444+0.20; trans-1,2-dimethyleyclopentane, —1.8640.16; cis-1,3-dimethyl-
—1.60+£0.14.

were combined with values for the differences in the heats of vaporization of these isomers

cyclopentane, —1.11-+40.24; trans-1,3-dimethylcyclopentane, These values
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to obtain values for the heats of isomerization in the gaseous state at 25° C.

Utilizing the values previously reported for the heats of combustion and formation of

ethylcyclopentane in the liquid and gaseous states at 25°

il

), values were calculated for the

heats of combustion and formation of the five dimethylcyclopentanes in the liquid and
1

gaseous states at 25° C.

I. Introduction

In continuation of the program of determining
the heats of combustion, formation, and isomeriza-
tion of hydrocarbons of various types [1],' calori-
metric measurements have been made that yield
values for the differences in the heats of combus-
tion, or the heats of isomerization, of the six
C;H,4 alkyleyclopentanes in the liquid state at
25° (. These values of heats of isomerization
were combined with values [2] for the differences
in the heats of vaporization of these isomers at
25° C to obtain values for the heats of isomeriza-
tion in the gaseous state at 25° C. Utilizing the
values previously reported [3] for the heats of
combustion and formation of ethyleyclopentane
in the liquid and gaseous states at 25° C, cor-
responding values were calculated for the five
dimethyleyclopentanes.

1 Figures in brackets indicate the literature references at the end of this
paper.

Heats of Combustion and Isomerization

II. Unit of Energy, Molecular
Uncertainties

Weights,

The unit of energy upon which values reported
in this paper are based is the absolute joule,
derived from mean solar seconds and absolute
ohms and volts, in terms of which certification of
standard resistors and cells is made by this Bureau.
For conversion to the conventional thermochemi-
cal calorie, the following relation is used [4, 5]:

1 calorie=4.1840 absolute joules.

The molecular weight of carbon dioxide, the
mass of which was used to determine the amount
of reaction, was taken as 44.010, from the 1947
table of international atomic weights [6].

The uncertainties assigned to the various
quantities dealt with in this paper were derived,
where possible, by a method previously described

[7].
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Definitions of the symbols used are given in
previous papers [1, 8].

III. Method and Apparatus

The same method and apparatus were used as
in the investigations recently reported from this
laboratory [1]. Ome calorimetric system, re-
sistance bridge (No. 404), and platinum resistance
thermometer (No. 373,730) were used for all the
experiments reported here.

No products associated with incomplete com-
bustion were found in any of the experiments.

IV. Materials

The compounds used in the present investiga-
tion were samples from the API-NBS series of
highly purified hydrocarbons, which are being
prepared through a cooperative undertaking of
the American Petroleum Institute and the Na-
tional Bureau of Standards.

These samples of API-NBS hydrocarbons have
been made available by the American Petroleum
Institute and the National Bureau of Standards
through the API Research Project 44 on the
“Collection, analysis, calculation, and compila-
tion of data on the properties of hydrocarbons.”
The samples were purified at the National Bureau
of Standards by the API Research Project 6 on
the ‘“Analysis, purification, and properties of
hydrocarbons,”” from material supplied by the
following laboratories:

Ethyleyclopentane (A), e¢is-1,3-dimethylcyclo-
pentane, and trans-1,3-dimethylcyclopentane (A)
by the American Petroleum Institute Research
Project 45 at the Ohio State University, Columbus,
Ohio, under the supervision of C. E. Boord.

1,1-Dimethyleyclopentane, c¢is-1,2-dimethylcy-
clopentane, and trans-1,2-dimethyleyclopentane by
Hydrocarbon Laboratory at the Pennsylvania
State College, State College, Pa.

A complete description of the purification,
purity, and freezing points of the six API-NBS
hydrocarbons used in the present investigation
is given in references [9, 10, 11], which reported
the amounts of impurity in these samples, as
determined from measurements of freezing points,
to be as follows in mole fraction: Ethyleyclopen-
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tane (A), 0.0008 =40.0004; 1,1-dimethyleyclo-
pentane, 0.0003 -£0.0002; c¢is-1,2-dimethyleyelo-
pentane, 0.00025 -£0.00016; trans-1,2-dimethyley-
clopentane, 0.0013 4-0.0010; ¢is-1,3-dimethyley-
clopentane, 0.0041 4-0.0023; trans-1,3-dimethyl-
cyclopentane (A) 0.0035 -£0.0009.

As the manner of purification [9, 10, 11] was
such as to leave substantially only close-boiling
isomeric impurities in the respective compounds,
it is calculated that in the extreme case the measur-
ed heat of combustion would be affected by less
than 0.001 percent because of impurities.

The samples of trans-1,2-dimethyleyclopentane
and trans-1,3-dimethyleyclopentane are the race-
mic mixtures of the dextro and levo forms. With
regard to energy content, the dextro and levo forms
are identical, and any difference between these and
the racemic mixture would be insignificant.

V. Results

The experimental results of the present investi-
gation are summarized in table 1, which gives for
each of the six compounds the following data:
The number of experiments performed; the mini-
mum and maximum values of the mass of carbon
dioxide formed in the combustion and of the
calorimetric quantities, AR,, Ar;, and Ar, [S]; the
mean value of B, and its standard deviation, in
ohms per gram of carbon dioxide formed, as
defined by eq 4 of reference [8].  The symbols have
the same significance as in reference [1].

In table 2 are given, for the six C;H,, alkyleyclo-
pentanes, values of the following: The constant
B, in ohms per gram of carbon dioxide, as given in
table 1; B°, which is the value of B corrected to
the ideal bomb reaction by the method of Wash-
burn [12]2; B;/B,, which is equal to the ratio of
the heat evolved, per mole of hydrocarbon, in the
ideal bomb process at 28° C for each isomer to that
of ethyleyclopentane; and (—AU°),—(—AU°),,
the difference, between ethyleyclopentane and
each isomer, in the heat of combustion in the ideal
bomb process at 28° C.

2 The Washburn correction is the same for all these compounds as they are
isomers, but account is taken of the variation of the correction with the
amount of sample burned. As used here, the Washburn correction was
modified to apply to 28° C (the temperature to which the measured heat of

combustion is referred) and to the gases at zero pressure (instead of 1
atmosphere).
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TaBLe 1.  Results of the calorimetric combustion experiments

B
C d Z}Iumber II\JIIas%pI c%r- AR A
I PO of experi- on dioxide s r
o metis | formed : ‘ B R
of mean
q Ohm Ohm Ohm Ohm/g COy | Ohm/g CO,
- 2. 69117 0. 293466 0.000254 0. 000004
B Byl Y el opem tam e T s 7 to to to to 0. 1089810 =£0. 0000055
2. 86858 0.312878 0.000263 0. 000005
2. 61833 0. 285029 0.000253 0. 000003
1,1-Dimethyleyclopentane ... ... _________ 5 to to to to . 1087759 ==. 0000032
2. 82697 0.307731 0.000262 0.000003
2. 76937 0. 301970 0.000240 0.000056
cis-1,2-Dimethyleyclopentane ... ____________________ 7 to to to to . 1089371 ==. 0000085
2. 87510 0.313576 0.000259 0. 000066
2. 68335 0. 202203 0.000253 0.000006
trans-1,2-Dimethyleyclopentane .. _____________________ 7 to to to to . 1087961 ==. 0000058
2.86133 0.311521 0.000263 0. 000065
2. 46454 0. 268433 0. 000259 0. 000065
cis-1,3-Dimethyleyclopentane... .. ___________ 5 to to to to . 1088694 ==. 0000106
2. 69782 0. 203898 0.000271 0.000075
2.73538 0. 297897 0.000253 0. 000006
trans-1,3-Dimethyleyclopentane. ... __________ 5 to to to to . 1088215 =. 0000045
2. 81293 0. 306325 0. 000255 0. 000006
Tasrr 2. Heats of isomerization in the liquid state
R‘z},ﬂ%g&:{}gnh(;ﬁtilfé { Difference in the heats of com-
Compound Bat28° C B° at 28° C ideal bomb pro- huos tlon (12 AL(}}E) 'ﬂe("_l Ab(f}{};?
cess, Bi/BR, at [ DEOCGRACSALTa N
28.00° C
Ohm/gCO2 Ohm[gCO2 kj/mole keal/mole
Ethylcyelopentane_ .. _______._______ 0. 1089810=. 0000110 0. 1089503 . 0000108 1..000000 0.00 0.00
1,1-Dimethyleyclopentane . 1087759, 0000064 . 1087453 4. 0000062 0. 998118=. 000114 8. 6240. 52 2.06. 12
cis-1,2-Dimethyleyclopentane . 1089371=. 0000170 . 1089063 =. 0000170 . 9995964 000185 1. 85+0. 85 0. 444-. 20
trans-1,2-Dimethyleyclopentane - ____________ . 1087961 +=. 0000116 . 10876554=. 0000116 . 9983044, 000146 7.7740. 67 1. 86. 16
cis-1,3-Dimethyleyclopentane . 1088694 . 0000212 . 10883944 0000212 . 998982-4=. 000219 4. 66==1. 00 1.114. 24
trans-1,3-Dimethyleyclopentane . 10882152, 0000090 . 1087908 0000090 . 998536-=. 000129 6. 7140. 59 1. 604, 14

The values of the differences in the heats of com-
bustion in the ideal bomb process, (—AU?®),—
(—AU®),;, were obtained by means of the rela-
tion [8]

<~AU°>n—<—AU°>i=(—AU°>n(1—-§%)~

For this calculation, the value of (—AU®), at
28°C was taken from reference [13] as 4581.5
int kj/mole or 4582.3 abs kj/mole.

In table 3 are given, for the six C;H,, alkyl-
cyclopentanes, values for the following: H;—H,,

Heats of Combustion and Isomerization

the heat of isomerization of ethyleyclopentane
into each isomer at 25° C for the liquid and gaseous
states; —AHc’, the decrement in the heat content
accompanying the reaction of combustion of the
hydrocarbon in the liquid or gaseous state, as indi-
cated, in gaseous oxygen to form gaseous carbon
dioxide and liquid water at 25° C; and A/, the
increment in heat content or enthalpy of the proc-
ess of forming the given hydrocarbon in the liquid
or gaseous state, as indicated, from its elements,
gaseous hydrogen and solid carbon (graphite),
at 25° C.
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TaBLE 3. Heats of isomerization, combustion, and formation in the liquid and gaseous states

HeatHO?f fg"é?;‘fzgglé’ Heat of cog;bzlgsotgm, —AHC, Heat of fgltrnzlgotién, AHf°,
Compound
Liquid Gas Liquid Gas Liquid Gas
|
keal/mole kcal/mole kcal/mole keal/mole keal/mole kcal/mole
Ethyleyelopentane . ________ 0.00 0.00 1097. 50+. 22 1106.23+. 23 —39.08%.24 | —30.35+.25
1,1-Dimethyleyclopentane_ .. _____.__________ SRR —2.06%. 12 —2.70+.12 1095. 444-. 25 1103. 534. 26 —41.144-. 27 | —33.05+.28
cis-1,2-Dimethyleyclopentane . ____________________ —0.443.20 ~0.61%. 20 1097. 06, 30 1105. 624-. 30 —39.52+.31 | —30.96+.32
trans-1,2-Dimethyleyclopentane . _______.__________ —1.864.16 —2.324+.16 1095. 644, 27 1103.914-. 28 —40.944.29 | —32.67+.30
cis-1,3-Dimethyleyelopentane .. ___.________________ —1.114-.24 —1.584-.24 1096. 39+. 33 1104. 654-. 33 —40.19+.34 | —31.93+.35
trans-1,3-Dimethyleyclopentante_______________.____ 1‘ —1.60+.14 —2.12-+-.14 1095. 90+ 26 1104. 11+. 27 —40.68+.28 | —32.47+.29
1 \

The heat of isomerization, H; —H,, in the liquid
state at 25° C was taken as equal to the difference
(—AU®);— (—AU®), between each isomer and
ethylcyclopentane, in the heats of combustion
in the ideal bomb process at 28° C, since for
these isomers the conversion to the constant-
pressure process and to 25° C will be the same,
well within the limits of uncertainty assigned to the
values.

The heats of isomerization, H; —H,, in the gas-
eous state, were obtained from the values in the
liquid state by use of the following values for the
difference in the heat of vaporization of each
isomer to that of ethylcyclopentane [2], in
keal/mole: Ethylcyclopentane, 0.00; 1,1-dimethyl-
cyclopentane, 0.64; cis-1,2-dimethylcyclopentane,
0.17; trans-1,2-dimethyleyclopentane, 0.46; cis-
1,3-dimethylcyclopentane, 0.47 ; trans-1,3-dimethyl-
cyclopentane, 0.52.

The value of the heat of combustion or forma-
tion of a given isomer was obtained by appropri-
ately combining the heat of isomerization with
the heat of combustion or formation of ethyl-
cyclopentane as given by the following values
from references [13, 14, 15]:

C;H,s(ethylcyclopentane, liquid)+21/20,(gas) =
7C0,(gas) -+ 7H,O(liquid).

AH ®55 16=—1097.50 £ 0.22 kcal/mole.

C;Hy(ethyleyclopentane, gas)-+21/20,(gas)=
7C0,(gas) +7H,O(liquid).

AHoggg,w: —1106.23 + 0.23 kCﬂl/mOl(’.

7C(solid, graphite)+47H,(gas) =C;H s (ethylcyclo-
pentane, liquid).
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AH 55 15=—39.08 +0.24 keal/mole,

7C(solid, graphite)+7H,(gas)=C,;H,,(ethylcyclo-
pentane, gas).

AHoggng: —30.35 4 0.25 kCﬂl/mOle.

All the uncertainties assigned to the experi-
mental quantities in table 2 (except the heats of
combustion and formation) are equal to twice the
standard deviation of the mean. The uncer-
tainties assigned to the values of the heats of
combustion and formation were obtained by com-
bining [7] the uncertainty in the values of the
heats of combustion and formation of ethyleyclo-
pentane [14], with the uncertainties in the values
of the heats of isomerization. The uncertainty
to be assigned to the value of the heat of isomeri-
zation of any one of the isomers into any other one
may conservatively be taken as -+ 0.25 kcal/mole.
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